Abstract-Considering the customer demand increase on electrical energy, it is obviously seen that the new system requirements such as providing instantaneous data flow, remote monitoring and controlling, would occur. These new system requirements should be adapted to existing electrical infrastructure with minimum cost. In this paper, the system control requirements and communication architectures of electrical grids are discussed. The possibility of the usage of the power line communication (PLC) for the smart grid system is examined. In order to improve communication quality of the smart grid, a new PLC system model is designed in MATLAB . Then Medium (MV) and Low Voltage (LV) applications are simulated using the MATLAB. The applicability of this new PLC system model to smart grid communication systems is discussed.
I. INTRODUCTION
The growing demand on the electrical energy sources and the aging transmission lines cause new problems to be solved by the electrical power engineers. Huge transmission losses, abrupt power cut, impulse noise, overload and illegal usage of the electricity are the only a portion of these problems. A possible break on high voltage transmission lines can affect other regions of the power grid destructively. This requires an appropriate control system which is effective on the communication and transmission lines. In order to get these problems solved, the traditional electrical grid systems need to be upgraded by making them smarter. Therefore, the request for a new grid system emerges.
The type of the network communication technology is an important issue to be determined in order to transform the traditional power grid systems to work smarter. Current grid system contains energy centrals which are connected to each other with long transmission lines. The structure of the connection between these energy centrals can lead to
The author Derya Betul UNSAL wishes to thank The Scientific and Technological Research Council of Turkey (TUBITAK) for supporting her study. the blackouts. By employing the smart grid (SG) systems the reliability of distributed generation (DG) and quality of electrical power can be improved, transmission time delays can be reduced and the isolating of the system to the attacks or faults can be increased. But these improvements cannot exist without an effective integrated communication infrastructure. The effective communication infrastructure is needed for the connection among the huge amount of distributed interface devices implemented in the SG concept. Thus, the communication possibility of the power systems connectivity is one of the most important issue. A variety of candidate technologies such as fiber optics, wireless and power line communication (PLC) are examples of available technologies to be employed in the SG communication structures [1] - [3] . In this paper, first the possible communication infrastructures of the SG system and its benefits are overviewed. Then a new model is proposed for constructing the SG system and simulated it by using MATLAB R . Finally the obtained simulation results on both MV and LV levels are discussed and the conclusion is given.
II. SMART GRID COMMUNICATION STRUCTURES AND APPLICATIONS
In order to convert a traditional grid into a SG system, the two ways communication architecture is merged with the existing power infrastructure. This modification adds complexity to the traditional power grids. Because the SG system has an enormous number of plants that need to connect and communicate with central DG. Electricity is transmitted with different interface device applications, usually within commercial buildings, homes or residential buildings in SG communication structures. Designing a communication system architecture that interconnects the individual grid systems to each other is another important achievement which can be used for the future SG applications [3] .
The most suitable and economical communication technology must be applied all the lines to achieve the most effective and widespread distribution and transmission systems in DGs on SGs. Communication technologies in the realization Among the existing communication technology, the research is initially focused on wired technologies and its benefits. Fiber-optic technology (FT) supports high-speed level communication on power transmission systems. It can be said that it is impossible to steal data information because the privacy and security of the fiber cable communication are very strong [7] . The electromagnetic fields are not able to penetrate into the fiber channel. Therefore FT is preferred in SG applications [8] . However, building a SG communication system with FT has a high initial setup cost. The cost effectiveness requirement of the power line grids is not satisfied by FT. On the other hand, the PLC technology includes all the advantages of wired fiber-optic technology and wireless technology like fast data communication along with the security. It can provide high data transmission rate especially on smaller networks. For example, in a building as Local Area Networks (LANs) data transmission rate can rise up to million bits per second with PLC. Because communication means not only internet connection, but it also means every device connected to the network on power line. PLC can provide to control activity and passivity of distribution lines. This is essential for substations especially located in countrified areas that does not have any communication infrastructure [1] , [8] . PLC technology usually uses the data communication specifically on medium and low voltage power lines [9] . PLC uses the existing wiring, so it is suitable for use in Home Area Networks (HANs) and Neighborhood Area Network (NANs) [10] , [11] . Different technologies of PLC use different frequency bands and support different data transmission rates. Data communication technologies which are used in PLC can be divided into Broadband Power Line Communication (BPLC) and Narrowband Power Line Communication (NBPLC) [12] , [13] . BPLC operates on a standard for high-speed communication, which has the speed over 100 Mbps at the physical layer with transmission frequencies below 100 MHz, communication assets by electric power lines.
In BPLC standard, devices are used for the first-mile/lastmile connection, which under the 1500 m to the premise, to broadband services as well as BPLC devices that are used in buildings for LANs, smart grid applications and other data distribution which has less than 100 m distance between devices [14] . NBPLC technology uses different communication standards for low-frequency communication, which is based on the signals that have less than 500 kHz components on alternating and direct current electrical power lines. Furthermore this standard supports integrated transformers in both long distance rural and urban applications. Application requirements and network conditions causes the data rates to be measured up to 500 kbps [15] . This technology can be used with frequency spectrum from 9 to 140 kHz for PLC applications on grid automation applications within HAN communications scenarios [16] .
The communication technology frequency range offered by power lines is regulated by the European Committee for Electrotechnical Standardization (CENELEC) and is defined by EN 50065 with frequency band region is 3 -148.5 kHz in Europe. In this specification, frequency spectrum can be divided into four bands. 3 kHz to 8 kHz is reserved for use by providers and customers' properties. A Band (9 -95 kHz) is reserved only for use by energy providers; B Band (95 -125 kHz) is reserved for use by energy providers' and customers; C Band (125 -140 kHz) is reserved for use by energy providers' customers; D Band (140 -148.5 kHz) is reserved for use by energy providers' and customers. NBPLC offers a low bandwidth communication, tens of kbps data rates on the frequency band below 500 kHz. BPLC refers to a much wider frequency band as 1.5 -100 MHz and it allows hundreds of Mbps data rates. BPLC technologies are preferred to be used for high-speed data transfer applications like internet and audio communications in smart grid home network. The NBPLC provides many applications to smart grid network as well, like control and monitoring or smart building automation applications, therefore NBPLC technology is used in this study. In Fig. 1 , the usage of BPLC and NBPLC technologies in different length of transmission lines is shown [8] .
In recent years, PLC is becoming popular communication technology for SG applications when the trade-off of PLC is compared with other communication technologies. The developments in PLC technology allow us to bring the power lines to everywhere including the rural areas. However electrical machinery and transformers causes noise and signal attenuations in power lines. The noise and the signal attenuation is originated from high inductances of the electrical machinery and transformers, because high inductance acts like a low pass filter and may block high frequencies [1] , [8] . In order to allow high frequencies to pass through power lines, BPLC couplers are required to be attached at the transformers. Furthermore, the channel characteristics may increase signal attenuation also power factor and voltage gain [17] , [18] . Therefore, if the attenuation and noise problems of PLC are wanted to be minimized, the most effective method should be used for PLCs [1] , [8] . This paper provides a comprehensive two ways communication solution on DGs that satisfies both the secondary and the primary control objectives on the transmission lines for SGs.
III. MODELLING A NEW POWER LINE COMMUNICATION SYSTEM
PLC technology can be used on high, medium and low voltage transmission applications, however establishing transmission with different voltage levels is quite difficult for various problems.
One of the problems is that the communication signal must be delivered with maximum efficiency on PLC applications, otherwise data losses in the transmission can occur at high rates. However the system efficiency is involved in so many parameters like different wire sizes and electrical parameters at high frequencies. Since the noise level, signal attenuation, impedance matching and frequency are time-dependent variables, advanced signal processing and channel coding should be employed in order to reduce the disruptive impacts of PLC on the channel.
In spite of being cost effective solutions for smart grid applications, another problem of the PLC is that the PLC environments have great challenges as attenuation (transmission or path loss) to reliability and performance of communication systems [1] , [8] . The analysis of carrier signal transmission on MV networks shows that the transformer impedance is so high so that it affects the power factor negatively [19] . Many factors are involved in the signal propagation on a transmission line. The primary factors are: carrier frequency, line length, phase conductor size and material, shield wire size and material, type and location of transpositions, transmitter and recevier parameters and insulator leakage. The investigation of signal propagation and the channel characteristics of the MV network is one of the most important problem of transmission lines [20] .
The general infrastructure diagram of the PLC system can be seen in Fig. 2 . In order reveal the characteristics of the PLC, new PLC system model is designed by using MATLAB R Simulink. The parameters of power lines which are impedance, capacitance and inductance were investigated to find their effect on attenuation for MV and LV applications. Tx model, which is shown in Fig. 3 , is symbolized a block diagram for transmitting signal [21] . The sinusoidal generator is added in series to an inductor L that is needed to suit the generator output with the coupling network.
A. Tx Model
Moreover, the secondary two winding linear transformer is added in series to a capacitor C to eliminate the residual 60 Hz voltage [21] .
B. Rx Model
Rx model, which shown in Fig. 4 , is symbolized a block diagram for receiving signal [21] . The signal is picked up by the power cables through the coupling circuit, in load side, and transferred at the receiver through an isolation transformer [21] . 
C. Coupling Circuit (CC)
Coupling Circuit model, which is shown in Fig. 5 , is symbolized a block diagram for coupling filter on power line [22] . Tx and Rx circuits are connected by the coupling circuit on a distributed line. It isolates the connected device from the power line between transmitter and receiver. It has capacitor and the self-inductance of the transformer [23] . CENELEC standards are used for determining coupling filter parameters, and the parameters only allow frequencies between 3 kHz and 148.5 kHz [22] . CENELEC A and B standards are chosen for filters in this study, so it is tutored on frequencies in the range, the CC filters parameters have been implemented on Simulink [22] , [24] . 
D. Attenuation
The attenuation can be defined in dB as [21] 20 log 10 (V receive /V transmit )
The attenuation is calculated to observe the effect of the transmission line parameters on the transmitted signal for different frequencies. However, when the signal transmitted through the power lines, each power and carrier transmission parameter has individual effects on the attenuation. For example, line losses will increase as the frequency goes higher. And if line length will increase, output voltage amplitude decrease, so it is caused more losses also more attenuation. It is measured by transmitting a fixed amplitude sine wave signal at the substation with MV and LV parameters [21] , [25] . The response of the transmission line varies with the frequency of the sine wave. Fig. 6 illustrates the attenuation model [23] . In this study the amplitude of the transmitted signal is set to 10 V (into 50 Ohm) and the range of the sine wave is tuned to the frequency band of interest. It is measured by dividing the amplitude of the received signal on the transmission line with the amplitude of the transmitted signal as in [25] - [34] .
E. Designing New PLC System Model
Power line communication system modeling has different specific solutions. There are variety methods to design a PLC communication system. However, the parameters of the power electronics devices which are integrated to the power line, should be compatible with each other. It is the public property to reach efficiency transmission. Line constructions, filters or any parameters and the frequency range also should be applicable with international transmission and distribution standards.
In order to design a new power line communication system, the model in Fig. 7 , the methods in [21] , [26] , [27] is utilized. The MV overhead power line distributed nature is simulated by using the multi-conductor transmission line (MTL) equations. PLC system model consists of the coupling filter, Tx and Rx models. Type and location of transpositions and many other parameters are tuned to reach effective results. In [8] , we designed the most efficient model on MV-MV and LV-LV transmission and the results were examined in detail for new PLC model parameters. In this study, our model is modified by inserting MV-LV and LV-MV power transformers to the distribution line, then the results are examined.
The PLC model has different parameters and many factors are involved in the signal losses which increases the attenuation on a transmission line. The line length is one of the primary factors that cause higher attenuation due to increased voltage losses. The power line can also be negatively affected by disturbances coming from the PLC transmission networks. Our model tries to reach minimum loss and the closest model to the actual transmission line [1] , [8] .
The overhead line transmission parameters are taken from IEEE and CENELEC standards [14] , [22] , [28] . The MV overhead power line distributed nature was simulated by using MV/LV 100 kHz three-phase, core type, two-winding, ∆/Y Fig. 7 . New PLC system model. connection power transformer of 160 kVA that was connected at the end of the MV line, model is showed in [35] .
The overhead medium voltage and the low voltage distribution lines are tested on a transmission line with a fixed length of 2 kilometers. CC and TX models are connected with 1:1 isolation transformer that has an isolation voltage of 6 kV, an operation frequency ranging from 1 kHz to 1 MHz and the inductance of 1.3 mH. Three phase series RLC load and three phase voltage source connected to the distribution line. This study was aimed to reach similar attenuation results like other PLC studies [21] , [25] , [27] , [30] , [33] . By selecting the appropriate capacitances and inductances, we achieve better attenuation results with longer transmission line compared to the other studies. In Turkey, PLCs are already used in rural and metropolitan areas for Smart Homes Applications (SH), Automatic Meter Reading (AMR) and Advanced metering Infrastructure (AMI) in LV networks [36] . For these applications, NBPLC is operated in the CENELEC bands and the model is designed and simulated in 50-150 kHz frequency range. The simulation results of the PLC system are obtained in MV transmitted-LV received communication, LV transmitted-MV received communication scenarios.
IV. SIMULATION RESULTS AND DISCUSSION

A. Case Study 1
In the first model, the signal was transmitted in MV and received in LV. In this model, we used the line parameters that are taken from the IEEE and CENELEC standards [14] , [22] , [28] and [29] . Fig. 8 shows that the attenuation values of MV transmitted LV received PLC transmission system. According to the results, a minimum attenuation value of 17.79 dB at the frequency of 127 kHz is obtained and it is lower than 25 dB in the frequency range of 127 kHz ± 10 kHz.
B. Case Study 2
In the second model, the signal was transmitted in LV and received in MV. In this model, we used the overhead line parameters that are taken from the IEEE and CENELEC standards to reach the most effective communication [14] , [22] , [28] and [29] . The simulation result is: Fig. 9 . Attenuation values of new PLC system model on LV transmitted MV received transmission. Fig. 9 shows that the attenuation values of LV transmitted MV received PLC transmission system. According to the results, a maximum attenuation value of 8.63 dB at the frequency of 129 kHz is obtained and it is lower than 10 dB in the frequency range of 129 kHz ± 10 kHz. It is clear that, MV transmission has more clear results than the LV transmission on this model.
V. CONCLUSION
In this paper various efforts on SG and its communication systems are presented and examined. As a result that the advanced communication technology is required as an important tool for developing the SG. There is currently an ongoing debate surrounding on choosing the essential communication technology for SG applications. SG communication technologies and its requirements are examined and the PLC system is discussed in detail for the SG system. To assess the behaviors of PLC for SG applications, new PLC system model is created with parameters according to standards. The design aimed to reach best transmission and attenuation values. It is investigated that the attenuation ratio is influenced by different parameters as load, frequency, impedance etc. Then the simulation results of the PLC system are obtained for different frequencies and a fixed line length in MV transmitted-LV received and LV transmitted-MV received communications. According to the simulation results, the attenuation of the MV to LV transmission is increased and the attenuation of the LV to MV transmission is decreased with the frequency. The new PLC model with MV to LV transmission line parameters have better attenuation values for the PLC applications than the similar studies in the literature. It is clearly seen that this new PLC design, its parameters and standards are appropriate for using real time transmission.
